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The Platteville Radar Profiler as a Meteorological
and Commmications Engineering Tool
by
Gregory D. Nastrom, Capt, USAFR

1. Introduction

The term wind “profiler” has gained wide usage in the Prototype Regiona} Observing and
Forecasting Service (PROFS) community to refer to the Very High Frequency (VHF) pulsed Doppler
radar located near Platteville, CO. This radar was constructed in 1978 (1) and is a ST, or
MST, radar (for Mesosphere-Stratosphere-Troposphere). The many potential users of ST radars
for studies of atmospheric structure and dynamics are discussed in recent riview articles. The
purpose of this technical note is to present examples of results from the Platteville rader
data which apply to two important military problem areas: meteorology and communications.

As the name “profiler" implies, the intended purpose of this radar within PROFS has been to
monitor the wind profiles. While useful studies have been made using the radar data alone (2,
3), the most fruitful results from these high time resolution wind profiles will come when they
are combined with other meso- and micro-scale meteorological programs such as PROFS.

A less widely appreciated use of the radar data is to study a parameter Ee'uted to tne
scattering of radio waves, the refractivity,turbulence structure constant, C This technical
note outlines the rationale for obtaining C  from the radar data and present? cl 1n§olog!cal
results obtained using data from April and gar'ly May, 1981. Vertical profiles of C_ from 3-16
k§ are given, and its variability with changing wind speed and time of day is studild. Finally,
C. 1s related to the metegrologicﬂ variable ¢, the eddy dissipation rate, which implies that
the variations found in Cn may have meteorological consequences.

¢. Meteorological Applications

The ST radar at Platteville is a phased dipole array, using three antennas to measure the
three components of the wind (1, 4). Two of the antennas are superposed, pointing 15 degrees
off vertical toward the north and toward the east, and the antenna which is used to measure
\{ertical winds is directed toward the zenith, Normal operating parameters are listed in Table

Table 1. Platteville Radar Parameters

A Antenna area 10‘ .2
Antenna efficiency 0.3

F radar frequency 49.9 wHz

A wavelength 6.0l m

pw pulse width 16 usP

T interpulse period 2400 us

Pt peak pulse power 360 w

'c number of spectra k -4
coherently averaged

AT range spacing 1500 m

X zenith angle east antenna 15°
zenith angle north antenna 18°
zenith angle vertical antenna 0




The atmospheric echoes observed by the ST radar arise from the scattering of redar waves by
irregularities in the radio refractive index with scale sizes comparable to one-half the radar
wavelengths (5). It is usually assumed that these irregularities (three-meter scale for the
Platteville radar) are due to homogeneous, isotropic turbulence. Another assumption often used
is that the three-meter scale size 1ies within the inertial subrange (6). Because the irreg-
ularities are advected with the background wind, the measured radial wind speed is directly
related to the Doppler shift of the backscattered signal. If the vertical winds are assumed to
be nogligiblc. then the radial winds can be converted to horizontal winds. A typical example
of a Doppler spectrum is given in Figure 1.
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Figure 1. Sample Doppler spectrum from Platteville ST radar, east
receiver at 9.5 im for 1548 MST, May 7, 1981.

In Figure 1, the peak backscattered power occurs at a frequency lower than the frequency
transmitted (i.e., the peak has a negative Doppler shift). Since this antenna 1s pointed
toward the east, we interpret this resuit to mean that the wind is moving toward the east, and
that the wind speed is given by the magnitude of the Doppler shift. Small irregularities, or
nofse, are apparent to the left and right of the peak. While the data in Figure 1 are referred
to as a single observation, they represent a time-average result cbtained over several minutes.
First, the sampled frequencies from 32 separate pulses are combined to give a single spectrum.
This process is called coherent averaging. MNext, 16 of these separate spactra are averaged to
give an "archive observation”, such as that in Figure 1. The purpose of all this averaging fis
to enhance the singal-to-noise ratfo. The number of spectra averaged for each observation is
determined by the time resolution desired between observations. For all data used in this note
the basic time resolution is two and one-half minutes.

As with all radars,the time delay between transmission and veception determines the range
(which can be converted to altitude) from which the echoes are received. Thus, by sampling at
a series of time delays, winds at all heights can be messured, in principle. In practice, the
backscattered signal decreases with increasing range so that at very large renges it is mot
possible to distinguish the signal from the noise.

Samples of the horizontal winds measured at Platteville are given in Figure 2 for a very
interesting period in Fedruary, 1981. These data are unedited, 30 occasfonal spurious echoes,
which 11lustrate atirplane reflections or other interference, are seen but should be dis rded.
The growth of a sou terly jet stresm and subsequent passage of a trough axis near on
February 21st are the most ovbious features present. However, these features could have besn
dntofm with routine 12-hourly radiosonde data. Features uniquely evident from the high time
resolution possible with an ST radar include the relative suddenness of the trough passese, the
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wavelike changes in the wind near 7 km at 1800 MST on February 20th and the rapid changes of [

( speed and direction near 6 km at 0200 MST, on February 20th. This {1lustrates that a oreat .
deal of the wind's variability is missed 1f one has only occasiona) balloon f1ights. 4
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Figure 2. Horizontal wind vectors at Platteville. Basic time resolution
is two and one half minutes.
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The potential application of ST radar wind data for u?dnt'lng meteorological forecasts, for
identifying areas of intense wind shears, as input in ballistics computations, or even as basic )
data for developing climatological statistics of wind varfability are exciting. But the -
potential of these data goes beyond the practical applications just mentioned, and they should
help in new ways to improve our physical and theoretical understanding of the atmosphere. For
example, the wave motions noted on February 20th may be internal aravity waves. The study of
these waves, which may sometimes effect a rapid fiux of momentum over large distances, is a
topic currently of great interest among meteorologists. Also, by comparing the observed
radar winds with those expected from the geostrophic relation one could follow the development
of the so-called ageostrophic wind. By relating this wind with, say, the morphology of gravity
wave activity, we may reach a better understanding of the atmospheric adjustment processes and,
implicity, be able to make better forecast models.

Figure 3 shows several weeks of uninterrupted vertical wind observations spanning several
alternating periods of large and small vertical wind varfability. The episodes of large activity
always correspond with jet stream/frontal passages (7). The wavelike character of the vertical
winds is obvious in may cases, again reminiscent of gravity waves. Direct, routine observation
of the vertical winds is a new and challenging capability. Most sensible weather, e.g., clouds
and precipitation, is very closely related to the vertical motions of the atmosphere but has
historically been studied in termt of the more easfly measured horizontal air motions and
temperature changes. With the advent of routine observation of the vertical wind it will be
possible to finally verify the indirect theoretical methods now used to infer vertical motions.
Further, together with horizontal wind and temperature observations, these data will permit
direct calculation of vertical heat and momentum fluxes - key variables in the development of
storms.

Comparison of Figures 2 and 3 shows that the vertical antenna is able to detect winds to
higher altitudes than the oblique antenna systems. This is due to the added backscattered
power from partial reflections (8, 9) for the vertical antenna system. The partial reflectfons,
or specular reflections, are believed to result from the presence of horizontally stratified
layers of refractivity structure in the atmosphere. The probability of such layers is greater
in the stratosphere than in the troposphere, so the altitude where the backscattered power for
the vertical antenna system increases suddenly corresponds with the tropopause, providing a new -
method of tropopause detection (3). )

3. Applications to Communications Systems

Returning to Figure 1, the area under the peak of the returned signal (f.e., above the
average noise level, S (noise), and below the signal curve) is proportional to the backscattered
power. Because the backscattered power is related to the intensity of the turbulence in the
volume illuminated byzthe radar beam, th’se data yield estimates of the refractivity turbulence
structure constant, C . The parameter C- is often used in discussions of the turbulent scattering
of radio waves and hal direct applicatiolls in radio communications such as troposcatter and
line-of-sight microw,ve systems (10). For optical propagation the appropriate parameter is SI.
which differs from C_ primarily in thatzit represents fluctuations in the ambient temperatu
and does not depend Bn humidity while C° does (11). Abovezabout ;he mid-troposphere, however,
humidity effects jre very small, so thal measurements of C_ and c.{ can be directly related. The
theory relating C to backscattered power has been given il detail elsewhere (6), so only an
outline will be ppesented next.

The refractivity structure constant C;‘: is defined by

[n(ro +r) - n(ro)]T— " c: /3 m

\:h.r:lthe overbar M;m "a’ :png:;u :ntagr:ﬁ::. (:vcn ig'ig).brThis tmjn for s:at::.mry.
oca bomoomglu sotropic t ence in nertial sy uan-ns radio
{ndex zf refract on'l_ag r is a distance measured from r,. m‘mm on for turbul_:u‘it
scattering relates the backscattered power. P., to the

reflectivity, n, the range (altituds) », and virt
constant for a given epprating configuration, as

Py = comsty Py (@)

power trasawitsted, P., the volume
ous radar parmtnn%fch‘m be considered

The volume reflectivity is related to c: and the radar wavelength, ), as
n= const, ¢ 213 (3)
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Vertical wind valocities at Platteville.

Fifteen minute averages.
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combining equations 2 and 3 we have )

2 P, .2
C, = consty FQ r (4)

T
The individual estimates of cz from Eq 4, are only accurate to about a factor to two, due to
ugcertainties in the radar opﬂrating parameters and in the measurement of P,. However, since
Cn varies over several orders of magnitude, this uncertainty is relatively Lm.

Estimates of C2 made using Eq 4 have been found to Qe consistent with those from other
methods (6). TherB are only a few other ways to find C_ in the remote atmosphere, such as
optical scintillation observations of stars (12) or high response probes on balloons or airplanes
{13), but these methods are restricted to nightime, or arezcxpens'lve to operate. Eq 4 can be
used with ST radar data to provide reliable estimates of cn at many heights, around the clock,
and over many days and in all weather.

4. Data Analysis

2 About eight days of data spread over a month period were available for the present study of
C (Table 2). A series of quality control algorithms, and hand editing, were used to discard
those spectra contaminated by reflections from airplanes or which showed other problems. As

C% sometimes changes by orders of magnitude in a fraction of an hour (b), the backscattered
power values were averaged over half-hour intervals at each height to remove short period changes
before applying Eq 4. A1l analyses were made separately for the east and north antenna syster;.

Table 2. Platteville Radar Data Used for Study for C:
Denver

Number of Number of Tropopause
Period Half-hour averages Observations Height ')
7 Apr 1981/1530 - “
8 Apr 1981/0930 34 376 11.6 km
13 Apr 1981/1300 -
15 Apr 1981/0100 66 732 11.8
16 Apr 1981/1000 -
17 Apr 1981/2230 72 763 12.2
7 May 1981/1500 -
9 May 1981/0230 64 805 9.6
Total/Average 236 2676 11.3

Sample time series of (:2 from the two antenna systems are given in Figure 4 and the mean
vertical profiles for all alailable data are in Figure 5. The agreement the mean vertical
profiles is excellent. In Figure 4, the correlation of the data shown is 0.83, but if the
single point at 1000 MST on April 17th were discarded, the correlation would be increased to
nearly 0.9. The correlation is not expected to be perfect because the two antennas sample
volumes of air which are a few im apart. The conclusion is that the two antenna systems give
essentially the same results, so to save space only the curves for the north antenna will be
included in the following figures.

The absolute values of (:2 in Figure 5 are similar to those found by others, i.e., the
average decrease of t a Pactor of ten in five im (i.e., 2dB/km} between 5 and 15 km and the
s1ight increase of C- just below the tropopause have been noted in data from other ST radars (6,
14). (The mean tropBpause height during this period was 11.3 km from Table 2.) As the value of
Pn, hence C-, at the lowest two heights is uncertain due to possible receiver gain delay problems,
tRe dogleg 8t 5.3 km in Figure 5 may be an artifact of the data.

Hufnagel (15) and others have found that ¢ hes a log-normal distribution, and this f{s
verified in Figure 6 for the data from Platteviile. The curves represent 236 half-hourly mean
data points for the lower eight heights, and 206 data points at 15.5 km. In general the curves




_—

oy

Log C% (East)

'l‘ f'l'f"'T’"'I"'l'ﬁ'll"TT'l""l"'ll'T""U'T_'_'ﬂ is
151 {North) ("5
L.y E
-164 1 s
z2
(Eost) ®°C
- os -
174 2
=
-181 - -19
—‘9 I'Tl'Tl‘l’ll‘l‘lll“l"l"ll‘llﬁ‘lfll'T‘Iﬁlll"lll’ll'l'l"l '20
0 2 18 0 6 it 8 0 MsST
16 April 1981 IT Aprii 198I
Figure 4. Time series of log Cz at 5.3 km at Platteville for both
antenna systems. Ha?f—hourly averages. correlation = (.83.
I T T
km \
183 "\ Plotteville .
AN Apr - May 198!
40 - 4
26+ d
k- N
North .
a7l of \(Slou 2dB /km -
821 4
681 \ .
831 N\ 4
_ AN
wW—— e [EAN
10 w'l' 10." m-“
c2 (m23)
Figure 5. Vertical profiles of mean CZ at Platteville for both

antenna systems.




e e

have the bell-shape characteristic of a normal distribution, and the mean and mode at each level )
agree closely. The long tail on the curve at 15.5 km shows that in some cases the signal-to- /
noise ratio here falls below the threshold of reliability. The standard deviation of the

distribution in Figure 6 is about 4 dB with respect to the mean at all levels below 15 km. This

value is slightl{ less than the 6 dB standard deviation found at the top of the planetary

boundary layer (16). As pointed out in the latter papes, a constant standard deviation is

important because it reduces the log-normal model for C_ to a one parameter model. Further, we

note that the well-behaved nature of the distribution iR Figure 6 shows that the shape of the

mean vertical profile in Figure 5 is not due to a few wild numbers, but rather is statistically

reliable.

Part of the variance at each level implied by the distribtuions in Figure 6 is likely due to
random sampling fluctuations, but part of it can be ascribed to diurnal variations or is associated
with synoptic weather changes as discussed next.
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In an effort to estimate the diurnal variation of the data for the same times of day

over all days were averaged.

2
C..
To reduce sampling fluctultions, three-hourly averages were used,

and the resulting mean curves are given in Figure 7.
smooth diurnal variation is evident, with maximm average

At mig- and upper-tropospheric heights, a

n during the afternoon. In the lower

stratosphere there seem to be two daily minima separated by two maxima: one in late morning and

the other in early evening.

These results,are summarized in Figure 8 as vertical profiles of

the diurnal range and time of maximum of C

The range is given in dB, defined as ten times the

logarithm of the ratio of the daily mxin"to minimum., At stratospheric levels the time of the

secondary maximum is also plotted.
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The large variations among the mean values at different times of the day are expected to
contribute to the spread of the distribution functions in Figure 6. This expectation is

These

verified
distribu

is small and so sampling fluctuations are relativel

£

for example, by the ni?httim and afternoon distribution functions in Figure 9.

ons are not exactly be

1 shaped, because the number of observations under each curve
large, but the point that combining different

hours of the da:' '-111 broaden the distribution of all data is clear.
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Turbulence is more 1ikely near jet streams than fn other places. As (:2 is a parameter of
turbulence, 1t also should be enhanced iy h'i'gh wind situations. This cmaution is verified,
for example, by the correlation of the C_ and wind speed data in Figure 10. The correlation
coefficient (0.60) is significantly dittlrent from zero at the 95% m} based on routine a
priori tests. Others have noted a correlation between wind speed and C in the uppar troposphere
(15), so this results is not new. However, it confirms the past resuit? and also 11lustrates
that part of the spread of the distribution functions in Figure 6 is due to symoptic weather

{wind spued) changes.
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( ) 5. Summary and Conclusions

The VHF Doppler radar at Platteville is a valuable new tool for meteorological and
comunications engineering applications. By incorporating high time resolution profiles of the
3-component wind vector along with other meteorological data from the PROFS network, a host of
unique studies will be possible. These studies can have immediate practical applications, such
as updating forecast model outputs or defining high wind-shear zones, or they can be aimed at
theoretical questions such as wave flux calculations or ageostrophic wind development.

The measurements of Cﬁ represent a significant addition to the meager data on Cz variabi liéy
in the remote troposphere? In fact, Nalters and Kunkel (17) bluntly stated that "dBfinitive (:’I
measurements [above the bound,ry layer] do not exist". As more ST radar data are collected,
definitive climatologies of C- from about 3-16 km will be possible. One preliminary climatology
has aiready been prepared usiﬂg data from Poker Flat, Alaska (18). The Platteville results are
important because they agree with, and thus support, the Pok,r Flat data from the same time of
year, suggesting fhat the shape of the vertical profile of C°, the diurnal variation, or the
relationship of Cn with wind speed perhaps can be extrapoia from one Tocatfon to another.

While these results have been presented in the context of co?mnications engineering, they
also have implications for meteorological applications because CS is directly related to the
eddy dissipation rate, € (19). For example, in mmerica‘l pred‘lc@ion wmodels € is usually
Parameterized in terms of the mean wind speed. But C° is not always closely correlated with
wind speed, so this parameterization of € must be an Bversinp'liﬂcation. By studying the
relation between C- and wind speed, and perhaps other varfables, it will be possible to better
parameterize or prédict e.. Further Trout and Panofsky (20) have shown there is a semi-
quantitative relationship between ¢ and turbulence levels as experienced by afrcraft. It thus

should be possible to use the backscattered power data to directly predict the probability of
hazardous turbulence at a given altitude.

The following conclusions have been reached:
( 1. High time-resolution radar wind observations d1splg much detafl,

both in horfzontal and vertical winds, which go undetected with conventional
balloon sounding data.




2. The mean radio refractivity structure constant, cz. decreases about
2d8/km between about 5 and 1S km. There is a steliper decrease in the upper D
troposphere and a small increase near the tropopause.

3. C2 has a diurnal variation in the mid- and upper troposphere with daily
ringes from 5-8 dB. In the lower stratosphere there seem to be two
separate daily maxima of Cn'

4. There is evidence that as wind speed increases cﬁ {ncreases.
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